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Abstract 

In a previous publication [Atomic Data and Nuclear Data Tables 75, 1 
(2000)], we had given seven parameter analytical fits to theoretical reac- 
tion rates derived from nuclear cross sections calculated in the statistical 
model (Hauser-Feshbach formalism) for targets with 10 < Z < 83 (Ne to 
Bi) and for a mass range reaching the neutron and proton driplines. Re- 
actions considered were (n,7), (n,p), (n,a), (p,7), (p,a), ( Q ,7), and their 
inverse reactions. Here, we present the theoretical nuclear cross sections 
and astrophysical reaction rates from which those rate fits were derived, 
and we provide these data as on-line electronic files. Corresponding to the 
fitted rates, two complete data sets are provided, one of which includes a 
phenomenological treatment of shell quenching for neutron-rich nuclei. 
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1 Introduction 

In a previous paper by Rauscher and Thielemann (0], hereafter referred to as 
RATH) we presented fits to nuclear reaction rates covering a wide range of 
isotopes and most of the nuclear chart. The data sets of reaction rate fits in 
that paper were mainly suited to direct application in astrophysical simulations. 
However, in certain computational approaches it is preferable to have the rates 
in the original tabular format without any further fitting procedure which, on 
one hand, may be advantageous for the speedy calculation of a rate at a given 
temperature with an economical use of computer memory but, on the other 
hand, may introduce additional inaccuracies. Furthermore, for nuclear physics 
applications it is often preferable to have the tables of nuclear cross sections 
directly. Therefore we thought it worthwhile to also publish the original cross 
sections and reaction rates from which the fits given in RATH have been derived; 
we provide these extensive data in the form of electronic tables. (It should be 
noted that "data" in this context refers to results of theoretical calculations; 
wherever there is a reference to experimental data, it is stated explicitly.) 

As in RATH, we provide here two sets of calculations with input from two dif- 
ferent mass models, the finite range droplet model (FRDM) ||| and an extended 
Thomas- Fermi approach with Strutinski integral (ETFSI-Q) ||. Experimental 
masses and level properties had been used in the calculations where available. 
In addition to cross sections and reaction rates, particle separation energies are 
given. In order to facilitate a comparison to other calculations, all the experi- 
mental level information used in our calculations is shown in a separate table. 

Here, we do not want to repeat the detailed definitions of the statistical 
model and of reaction rates already given in RATH. Therefore we limit ourselves 
to the most concise form and refer the reader to RATH for more details. In the 
following, we concentrate on the explanation of how to extract values from the 
on-line tables and on giving a few caveats when using the tabulated information 
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2 Tabulated information 



The data set consists of seven t able s provided as separate on-line files. The four 
files described in Sees, ^j] and 2fl contain the raw data used to generate the 
fits given in RATH. Further information which may be useful for compariso n to 
experiments or other calculations is given in three additional files (see Sees. 
and 2A). All files are formatted in such a way as to be machine readable 
without losing the accessibility to the human reader. That way, the additional 
information provided here can best serve the needs of several specialized fields of 
nuclear physics as well as astrophysics. Definitions of cross sections and reaction 
rates as well as further details of the statistical model calculations are already 
given in RATH. 



2.1 Laboratory Cross Sections For Capture Reactions and 
Exothermic Reactions 

Reaction cross sections involving neutrons, protons and a particles as projectiles 
or ejectiles have been calculated for targets from Ne up to, and including, Bi. 
The results of two different sets of calculations are given here in two files. They 
differ in the mass model used, which enters into the computation of the sepa- 
ration energies and Q values as well as into the microscopic input to the level 
density calculation. One set was calculated employing the well-known FRDM 
mass model [||, the other set employed the ETFSI-Q model || which includes a 
phenomenological approximation of shell-quenching effects (see RATH for fur- 
ther details on the mass models). 

Tabulated are the laboratory cross sections for capture reactions and for 
exoergic particle reactions. These assume that the target is in the ground state 
and cannot, in general, be used for computation of an astrophysical rate as 
given in RATH (cf. Eqs. (1), (2), (10) in RATH). However, they can be directly 
compared to experimentally measured data. The isotope range is as specified in 
Table A of RATH, which is repeated here again for convenience. Cross sections 
for exothermic (Q > 0) reactions with particles in the exit channel are given 
here as well as all capture reactions regardless of the Q value. All those reactions 
are contained in one file each for each mass model, sorted by target (charge and 
mass number) and projectile (neutron, proton, a particle), in that order. The 
energy grid is different for each combination of target and projectile as it was 
chosen in such a way as to provide the best grid for the numerical integration 
involved in the computation of the astrophysical reaction rate. This means 
that, e.g., the energies are densely clustered around channel openings and more 
widely spaced in regions of "well-behaved" cross sections. The energies are given 
in MeV; the cross sections are given in barn (1 barn = 10 -28 m 2 = 100 fm 2 ). 

Provided as additional information are the particle separation energies in 
the compound nucleus, from which the reaction Q values given in RATH were 
derived. 
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TABLE A 

Isotope Range of the On-line Cross Section and Reaction Rate Files 
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Note. Given are the charge number Z and the lower and upper limits N m - ln and -/V max of 
the neutron number in the isotopic chain. The complete files cs_frdm.asc, cs_etfsiq.asc, 
csfrdmendo.asc, csetfsiqendo.asc, ratesfrdm.asc, ratesetfsiq.asc, and levels. asc are 
available electronically. 
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2.1.1 Instructions for the Use of the Cross Section Files 



The file can either be browsed by using a text editing program or a code specif- 
ically written for reading the provided data. Table I shows an example of a 
segment from the FRDM file. The data blocks are sorted first by target nu- 
cleus (charge, mass number) and then by projectile. For each target-projectile 
combination, the capture cross sections are listed for all calculated projectile 
energies regardless of Q value. Additionally, cross sections are given for those 
reactions with particles in the exit channel, having Q > 0. Thus, each data 
block will have a different number of lines, depending on the number of calcu- 
lated energies and exoergic reaction channels. The lines within each block are 
organized as follows. Each data block for a specific combination of target and 
projectile starts with an identifying line specifying, in that order: charge and 
mass number of the target; a digit specifying the projectile (0 for neutron, 1 for 
proton, 2 for a particle); the number L of calculated energies; indices b and c 
indicating whether or not a reaction with particles in the exit channel has Q > 
and is therefore listed (= 1) or not listed (= 0); charge Zc and mass number Ac 
of the compound nucleus; and the particle separation energies S n , S p , S a of the 
compound nucleus. The end of the line gives again target isotope (T, projectile 
(x) and the three possible exit channels denoted by roman letters (g=7, n, p, 
and a=a). Following the first line are the L center-of-mass energies in MeV 
at which the cross sections were calculated. There are at most eight entries 
per line. Then, L capture cross sections are printed, regardless of the Q value. 
Values for the other reaction channels are only given if Q > 0. If b = and/or 
c = 0, then no cross section values are printed for the respective exit channel 
1, 2. Thus, the capture cross sections are followed by L x (b + c) cross sections 
and therefore a total of L x (1 + b + c) cross sections is given. A new data block 
starts with the next identification line after the last line of cross sections. 

As an example we consider the reaction 70 Ga(p,n) 70 Ge. Since Q = S p ( 71 Ge) — 
S n ( 71 Ge) > the cross sections can be found in the regular cross section file. 
Table I shows a small part of that table. Looking for 70 Ga, e.g. by a text search 
for "ga70", one first encounters the data block for 70 Ga+n. Farther down one 
finds the identification line for 70 Ga+p since for the same target isotope the 
data blocks are sorted by reaction. With a computer code it would be more 
economical to search for the numeric codes for charge, mass number and pro- 
jectile at the beginning of the line. The relevant identification line tells us that 
the cross sections were calculated at 61 energies and that both the values for 
the (p,n) as well as the (p,a) reaction are printed. This line is followed by 
the 61 center-of-mass energies, then 61 capture cross sections, 61 (p,n) cross 
sections and, finally, 61 (p,a) cross sections. Thus, for instance, the value of 
the 70 Ga(p,n) 70 Ge cross section at 2.3022 MeV is given as 2.964 millibarn. The 
RATH tables should always be consulted to determine if the statistical model 
is su ited f or predicting cross sections for a specific reaction at a given rate (see 
Sec. |2.5.1[) . 

The values for the inverse reaction 70 Ge(n,p) 70 Ga cannot be extracted from 
the same file as Q < for this reaction. An inspection of the identification line 
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for 70 Ge+n farther down shows that 6 = and that therefore no cross sections 
are listed for this reaction. Particle reactions with Q < are given in a separate 
file, see Sec. 2.3. 

The above instructions are relevant to the posted cross section files cs_frdm.asc, 
cs_etfsiq.asc, cs_frdm_endo.asc, and cs_etfsiq_endo.asc. 



2.2 Astrophysical Reaction Rates For Capture Reactions 
and Exothermic Reactions 

Reaction rates are given in two separate files, one for each mass model, for the 
reactions as included in the cross section listings. The rates were computed on 
a grid of 24 temperatures: T 9 =0,1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 (T 9 is given in 
10 9 K). The reactions are sorted as before. For each reaction, the laboratory 
rate Na (<ri>) lab as well as the stellar rate Na (cw)* is given. The laboratory 



rate was computed directly from the cross sections discussed in Sec. 2.1 and can 
be used for comparison with rates derived from experiment. Only the stellar 
rate considers the thermal excitation in a stellar plasma and should be used 
exclusively in astrophysical calculations. It was computed making use of the 
stellar transmission functions (see Eqs. (2) and (3) in RATH). The stellar 
reaction rates were the basis for the RATH fits. The rates are given in units of 
cm 3 s~ 



2.2.1 Instructions for the Use of the Rate Files 

An example for a segment of the FRDM rate file is given in Table II. The 
structu re of t he table is somewhat similar to the cross section table as described 
in Sec. [2.1. lj . The data blocks are sorted first by target nucleus (charge, mass 
number) and then by projectile. For each target and projectile, the capture rates 
are printed, regardless of Q value. The rates are also printed for those particle 
exit channels for which Q > 0. Thus, each data block will have a different 
number of total lines, depending on the number of exoergic particle channels. A 
data block starts with an identification line giving charge and mass number of 
target, the projectile (0 for neutron, 1 for proton, 2 for a particle), and indices 
b and c specifying whether a particle exit channel is listed. The digits b and 
c can only assume the values (not listed) or 1 (listed). The end of the line 
gives again target isotope, projectile and the three possible exit channels. This 
is followed by 24 laboratory rates (three lines with eight entries each) calculated 
at the temperatures given in the previous section. A blank line separates the 
last line of the laboratory rates from the following three lines with stellar rates. 
Laboratory and stellar rates are given for the capture reaction regardless of the 
Q value. This is followed by the laboratory and stellar rates of the particle 
exit channels for which 6=1 and/or c = 1, i.e. with Q > 0. Thus, there are 
2*24*(l + 6 + c) rates printed in total. 

As an exa mple, the reaction 70 Ga(p,n) 70 Ge is again considered. As before 
in Sec. |2.1.l| , since Q = S p ( 71 Ge) — S n ( 71 Ge) > the reaction rates can be 
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found in the regular rate file. Table II shows a small part of that table. Looking 
for 70 Ga, for instance by a text search for "ga70", one first encounters the data 
block for 70 Ga+n. Farther down one finds the data block 70 Ga+p since for the 
same target isotope the data blocks are sorted by reaction. With a computer 
code it may be more convenient to search for the numbers for charge, mass 
number and projectile at the beginning of the line. The relevant identification 
line tells us that the values for the (p,n) as well as the (p,a) reaction are printed. 
Unlike the cross section table, which starts with L projectile energy values, the 
temperature grid is not given here because the rates are always calculated at the 
same 24 stellar temperatures given above. The first line is immediately followed 
by the rates for the capture reaction, first 24 values of laboratory rates, then 
24 stellar rates. These are followed by pairs of 24 laboratory and stellar rates 
each for the (p,n) and the (p,a) reactions. Thus, for instance, the value of the 
70 Ga(p,n) 70 Ge laboratory rate at T$ = 9 (next to last position in the third line) 
is given as 7.27xl0 6 cm 3 s" 1 mol^ 1 . This should be compared to the stellar 
rate of 6.94xl0 6 cm 3 s _1 mol -1 . The RATH tables should always be consulted 
to determine if the statistical model is suited for predicting cross sections for a 



specific reaction at a given rate (see Sec. 2.5.1 ). 

The values for the inverse reaction 70 Ge(n,p) 70 Ga cannot be extracted from 
the file as Q < for this reaction. An inspection of the identification line 
for 70 Ge+n further down shows that 6 = and that therefore no rates are 
printed for this reaction. Reverse stellar rates for particle reactions can easily 
be computed as explained in the following section. 

The above instructions are relevant to the posted rate files rates _frdm.asc 
and rates _etfsiq.asc. 

2.3 Reverse Stellar Rates and Endothermic Laboratory 
Cross Sections 



The data presented in Sees. 2.1 and 2.2 correspond to the RATH tables. Since 



reverse astrophysical rates can easily be calculated by detailed balance, the 
previous RATH work only gave such rates explicitly for exothermic reactions 
and capture reactions and provided the means to derive the fit parameters for 
the reverse rates. The reverse stellar rate is also not explicitly given here but 
can easily be derived for each temperature with the following formulas. For 
reactions with particles in all channels use 

jvaHL = ^W*^ . (l) 

In order to compute a photodisintegration rate A* (in s" 1 ) from a capture rate 
use 

a; = ggr^A^) V . (2) 
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The exponent / is defined as 



11.6045Q 

J — a - a — . (6) 

J9 

The quantities Gi, G m are the partition functions of the target and residual 
nucleus, respectively, in the forward reaction, i.e. the reaction x + i — * m + y, 
where x can be a particle and y can be a particle or a 7-ray (compare Eqs. 12- 
14 in RATH). The parameters ao, Oq cv and the reaction Q value (in MeV) for 
the forward reaction as well as the required partition functions can be looked 
up in the RATH tables. The Q value can also be calculated from the particle 
separation energies given with the cross sections. 

It has to be emphasized that detailed balance can only be applied to stellar 
rates and not to laboratory rates or cross sections with the target being in the 
ground state. When comparing to experiments it can sometimes be useful to 
also have access to cross sections for reactions with negative Q values. For that 
purpose, calculated cross sections for such endothermic reactions are given in 
two additional files: rates _frdm_endo.asc and rates _ etfsiq_ endo . as c (one file 
for each mass model) . The format is the same as for the cross sections discussed 



in Sec. 2.1. Here, only the energies are given for which the cross sections are 
not zero, i.e. above the particle thresholds. Cross sections at lower energies can 
be assumed to be zero. 

Photodisintegration cross sections for targets in the ground state are not 
given here. They are discussed elsewhere || and a table will be published 
separately f|. 



2.4 Experimental Nuclear Level Schemes 

The experimental level information utilized in the statistical model calculations 
is provided in the last file. Up to 20 experimental levels (including the ground 
state) were considered. The states are taken from [Q, up to the first level for 
which the spin or parity assignment was not known. Above this cut-off a the- 
oretical nuclear level density || was employed. Ground state spin and parities 
are known for many unstable nuclei. Far off stability, where experimental values 
are not known, ground state spins andparities are derived from the neutron and 
proton single-particle spins given in |S(| by applying Nordheim rules. However, 
tabulated here are only the experimental spin and parity values used because the 
complete list of ground state spins is already given in RATH. This information 
is important when comparing with other statistical model calculations. 



2.4.1 Instructions for the Use of the Nuclear Level File 

An example is shown in Table III. The isotopes are ordered first by charge 
and then by mass number. The data block for each isotope starts with an 
identification line specifying, in this order: charge and mass number of the 
isotope, number L of experimental nuclear levels given, and finally the isotope 
again written in element notation. The succeeding lines specify the L nuclear 
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levels, giving for each level the excitation energy (in MeV) as well as the parity 
and the spin assignment. The parity is coded as a sign before the spin. There 
are at most five levels per line. A new isotope entry again starts with an 
identification line. 

As an example, consider the nucleus 70 Ga in Table III, which in turn shows 
a small fraction of the full file. It can be seen that five experimental levels were 
used in the calculation, including the ground state. The list starts with the 
J w = 1 + ground state, while the third excited state of 70 Ga is located at an 
energy of 0.6909 MeV and has a spin and parity assignment of J 11 = 2~ . 

The above instructions are relevant to the posted file levels. asc. 

2.5 Caveats 

The cross sections and reaction rates provided here should only be used keeping 
in mind the fundamental limitations of the model as discussed below. 

2.5.1 Applicability of the Statistical Model 

The statistical model can be applied provided that the use of averaged trans- 
mission coefficients (Eq. 3 in RATH) is permitted. This will be the case for high 
level densities with completely overlapping resonances, typical for the compound 
nucleus reaction mechanism. For light nuclei, decreasing particle separation en- 
ergies, or at shell closures, level densities will eventually become too low for 
the application of the statistical model at astrophysical temperatures. In those 
cases, single resonances and contributions from the direct reaction mechanism 
have to be taken into account |^0|. Based on a level density description, a 
quantitative criterion for the applicability was derived recently ||]. The lower 
temperature limit of the validity of the statistical model for the calculation of 
reaction rates is already given in the RATH tables. It is advisable to check those 
limits before using the cross sections and rates given in this paper. 

In principle, a similar criterion can also be derived for cross sections when 
comparing to experimental data. In the case of a nuclear experiment, the energy 
distribution over which one has to average is not determined by a Maxwell- 
Boltzmann velocity distribution but by the uncertainty in the beam energy 
and the energy straggling in the target. Since these differ depending on the 
experimental setup it is not possible to give a global criterion. However, as a 
first approximation one can use the temperature limits given in RATH. 

2.5.2 Validity of the Predictions 

It should be noted that only purely theoretical rates are given here which do not 
use any direct experimental information (except for nuclear masses and ground 
and excited state information where available) . The methods to predict nuclear 
properties needed in the statistical model calculations are chosen to be as reliable 
as possible in order to retain predictive power. Nevertheless, the uncertainties 
and some known weaknesses (e.g. of the FRDM around shell closures) of the 
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input will be reflected in the predicted values. This is a compromise which 
may lead to locally enhanced inaccuracies but it emphasizes the importance 
of reliable predictions of rates far off stability (see RATH). If one would use 
experimental data (such as level densities) and locally tuned parametrizations of 
nuclear properties (optical potentials, Giant Dipole Resonance widths) as input 
for our statistical model calculation, a further increase in accuracy could be 
achieved. Since the main scope of this work is the prediction of nuclear reaction 
rates for astrophysics for experimentally unaccessible nuclei, a global approach is 
better suited. Therefore, in comparison to experimental work deviations within 
a factor of 1.5 — 2 could appear although the average deviation will be smaller. 
For neutron capture it has been shown that the average deviation is about a 
factor of 1.3-1.4 @|. 



3 Summary 

Nuclear cross sections and thermonuclear reaction rates for neutron-, proton- 
and a-induced reactions and their inverses have been calculated in the statis- 
tical model and published in the previous paper RATH Q|. All cross sections 
and rates from Ne to Bi are given from proton dripline to neutron dripline, thus 
covering a considerable part of the nuclear chart. Fits to reaction rates have 
been provided in RATH for two sets of rates, calculated with input from two 
different mass models. Here, we make accessible the input data for the original 
calculation, containing nuclear cross sections as well as reaction rates. Excita- 
tion energy, spin and parity are quoted for the experimental level information 
used in the calculations to facilitate comparison with other models. Further 
details on the underlying models are given in RATH. 

In real applications, these rates should be supplemented or replaced by exper- 
imental rates as they become available. Such a combination of theoretical and 
experimental rates is provided, e.g., in the REACLIB compilation. Further de- 
ta ils on REACLIB, the NON-SMOKER code, and the calculations a re presented 
at http: // quasar, physik. unibas. ch/ ~tommy/ reaclib . html . Rates based 



on additional mass models can also be obtained from the authors on request or 
directly at the latter URL. 
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4 Explanation of Tables 

Table I: Sample of Cross Section Tables 

Sample excerpt of the ASCII file cs_frdm.asc containing cross sections for re- 
actions on the ground state calculated using input data from the FRDM mass 
model. See RATH for details. 



Z Charge number of target 

A Mass number of target 

p Projectile: for neutron, 1 for proton, 2 for a particle 

L Number of calculated energies and cross sections 

b Index b, which assumes values of or 1 depending on whether cross 

sections are listed (6=1) for the first particle exit channel (defined 
by column f) 

c Index c, which assumes values of or 1 depending on whether cross 

sections are listed (c = 1) for the second particle exit channel (de- 
fined by column h) 

Zc Charge number of the compound nucleus 

Ac Mass number of the compound nucleus 

SN Neutron separation energy in the compound nucleus, in MeV 

SP Proton separation energy in the compound nucleus, in MeV 

SA a-particle separation energy in the compound nucleus, in MeV 

T Target written as combination of element name and mass number 

x Projectile: +n for neutron, +p for proton, +a for a particle 

e, f, h Exit channels: — g for 7 ray (capture reaction), — n for neutron, 
— p for proton, —a for a particle. In this table, cross sections for 
the capture channel are always listed and column e is always — g; 
in the table of reactions with Q < (the cs_frdm_endo.asc and 
cs_ etfsiq_ endo.asc files), no capture reactions are given and column 
e is omitted. 



El. . . EL Center-of-mass energies in MeV for which the nuclear reaction cross 
sections have been calculated. There are L values with up to eight 
entries per line. The energies are only given once as they are the 
same for the same combination of target and projectile. 

Gl. . . GL Capture cross sections in barn; L values are given with up to eight 
entries per line. Values lower than 10~ 30 barn are set equal to zero. 
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(XI. . .XL) Nuclear cross sections for the first particle exit channel (specified 
by column f) in barn. L values are given with up to eight entries 
per line. They are listed only lib = 1. Values lower than 10~ 30 barn 
are set equal to zero. 

(Yl. . . YL) Nuclear cross sections for the second particle channel (specified by 
column h) in barn; L values are given with up to eight entries per 
line. They are listed only if c = 1. Values lower than 10 -30 barn are 
set equal to zero. 



Table II: Sample of Rate Tables 



Sample of the ASCII file rates _frdm. as c of laboratory rates Na (av) lah calcu- 
lated with the ground state cross sections of Table I and stellar rates Na (av)* 
calculated from stellar cross sections with a thermally excited target, given in 
cm 3 s _1 mol" 1 . Values lower than 10 -30 cm 3 s _1 mol -1 are set equal to zero. 

Z Charge number of target 

A Mass number of target 

p Projectile: for neutron, 1 for proton, 2 for a particle 

b Index b, which assumes values of or 1 depending on whether rates 

are listed (b — 1) for the first particle exit channel (defined by column 
f) 

c Index c, which assumes values of or 1 depending on whether rates 

are listed (c — 1) for the second particle exit channel (defined by 
column h) 

T Target written as combination of element name and mass number 

x Projectile: +n for neutron, +p for proton, +a for a particle 

e, f, h Exit channels: — g for 7 ray (capture reaction), — n for neutron, — p 
for proton, —a for a particle. Rates for the capture channel are 
always listed and column e is always — g. 



G1...G24 Laboratory capture rates Na (crw) lab (see Sec. |2.2| ). Eight entries 
each in three lines are given, corresponding to the grid of 24 tem- 
peratures T 9 = 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 (T 9 is given in 
10 9 K). 

HI. . . H24 Stellar capture rates Na (crv) (see Eq. 10 in RATH), given as eight 
entries each in three lines for the 24 temperature grid. Only the 
stellar rate should be used in astrophysical applications and when 
applying detailed balance in order to derive the reverse rate. 
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(R1...R24) Laboratory rates for the first particle exit channel (specified by 
column f) at 24 temperatures. They are listed only if b = 1. 

(Ul. . . U24) Stellar rates for the first particle channel (specified by column f). 

They are listed only if b = 1. Only the stellar rate should be used 
in astrophysical applications and when applying detailed balance in 
order to derive the reverse rate. 

(Rl. . . R24) Laboratory rates for the second particle exit channel (specified by 
column h) at 24 temperatures. They are listed only if c = 1. 

(Ul. . . U24) Stellar rates for the second particle channel (specified by column 
h). They are listed only if c = 1. Only the stellar rate should be used 
in astrophysical applications and when applying detailed balance in 
order to derive the reverse rate. 



Table III: Sample of Nuclear Level Table 

Up to 20 experimentally known nuclear states were used in the calculation (see 
Sec. 2A). An excerpt of the full on-line ASCII file levels. asc is given here as an 
example. Only the experimental values used in the calculation are listed. The 
theoretical ground state spins were already given in RATH. 

Charge number of the isotope 
Mass number of the isotope 

Number of given energy levels (including the ground state) 
Isotope written as a combination of element name and mass number 
Excitation energy of the level, given in MeV 
Parity of the level 
Spin of the level 



z 




A 




L 




T 




El. 


.EL 


pi. 


.pL 


Jl.. 


. JL 
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Table I: Sample of Cross Section Tables 



Z A p L b c Zc Ac SN SP SA T x e f h 

El E2 ... EL 

Gl G2 ... GL 

(XI X2 ... XL) 

(Yl Y2 ... YL) 



31 70 63 


1 1 


31 71 9.301 7.864 5.259 


ga70 +n -g -p 


-a 




0.00018 




0.01261 




0.02565 




0.03934 




0.05372 




0.06880 




0.08463 




1 01 OR 




0.11870 




0.13701 




0.15623 




0.17641 




0.19759 




0.21982 




0.24316 




\J . ZD 1 DO 




0.29336 




0.32035 




0.34868 




0.37841 




0.40962 




0.44239 




0.47678 




O R19R7 
\J . D 1 ZO 1 




0.55076 




0.59054 




0.63229 




0.67611 




0.72211 




0.77039 




0.82107 




U.Of *±Z f 




0.93011 




0.98873 




1.05025 




1.11484 




1.18263 




1.25378 




1.32847 




1 ZLOfiRR 
1 . fUDOO 




1.48917 




1.57555 




1.66623 




1.76141 




1.86131 




1.96618 




2.19180 








3.01606 




3.52731 




4.11858 




4.80240 




5.59326 




6.50792 




7.56575 




R 7RQ1 7 


10.20410 


11.84050 


13.73306 


15.92186 


18.45328 


21.38095 


24.76690 






1 


,096e+01 


5 


. 109e-01 


3 


.340e-01 


2 


.617e-01 


2, 


,202e-01 


1 


,927e-01 


1 


.731e-01 




. DOOc — \J 1 


1. 


,471e-01 


1 


.379e-01 


1 


.305e-01 


1 


.243e-01 


1. 


, 191e-01 


1. 


, 146e-01 


1 


. 108e-01 


1 


.074e-01 


1 


,045e-01 


1 


.020e-01 


9 


,980e-02 


9 


.795e-02 


9. 


,639e-02 


9. 


,510e-02 


9 


.408e-02 


8 


.693e-02 


7 


,916e-02 


7 


.453e-02 


7 


. 108e-02 


6 


.592e-02 


5 


,804e-02 


5 


,325e-02 


4 


.981e-02 


4 


.724e-02 


4 


.042e-02 


3 


.625e-02 


3 


.212e-02 


2 


.890e-02 


2 


.627e-02 


2, 


,402e-02 


2 


. 140e-02 


1 


.959e-02 


1. 


,804e-02 


1 


.629e-02 


1 


.501e-02 


1 


.392e-02 


1 


,273e-02 


1, 


,181e-02 


1 


.024e-02 


8 


.479e-03 


7. 


, 146e-03 


5 


.837e-03 


4 


.513e-03 


3 


.253e-03 


2. 


,215e-03 


1. 


,453e-03 


9 


.323e-04 


5 


.897e-04 


3. 


,682e-04 


2 


.242e-04 


1 


.247e-04 


5 


.079e-05 


1. 


,075e-05 


1. 


,348e-06 


1 


.494e-07 






2. 


,374e-02 


8 


.829e-04 


5 


.306e-04 


4 


.073e-04 


3. 


,468e-04 


3. 


,134e-04 


2 


,945e-04 


2 


.849e-04 


2, 


.818e-04 


2 


.838e-04 


2 


.902e-04 


3 


.007e-04 


3. 


. 152e-04 


3. 


.338e-04 


3 


.568e-04 


3 


.847e-04 


4 


, 180e-04 


4 


.576e-04 


5 


.042e-04 


5 


.592e-04 


6. 


,239e-04 


7 


,000e-04 


7 


.895e-04 


8 


.593e-04 


9 


.425e-04 


1 


.058e-03 


1 


. 195e-03 


1 


.127e-03 


1, 


,180e-03 


1. 


,270e-03 


1 


.386e-03 


1 


.528e-03 


1. 


,679e-03 


1 


.834e-03 


1 


.972e-03 


2 


.127e-03 


2. 


,296e-03 


2, 


,477e-03 


2 


.605e-03 


2 


.784e-03 


2 


,976e-03 


3 


. 112e-03 


3 


.294e-03 


3 


.490e-03 


3. 


,630e-03 


3. 


,804e-03 


4 


. 132e-03 


4 


.586e-03 


4, 


,958e-03 


5 


.162e-03 


5 


.321e-03 


5 


.535e-03 


5. 


,931e-03 


6. 


,605e-03 


7 


.799e-03 


9 


.642e-03 


1 


,221e-02 


1 


.561e-02 


2 


.029e-02 


2 


.613e-02 


3 


,209e-02 


4 


,483e-02 


2 


.914e-02 






3. 


,449e-04 


1 


.731e-05 


1 


.217e-05 


1 


.021e-05 


9 


.179e-06 


8, 


.589e-06 


8 


.255e-06 


8 


.095e-06 


8 


,070e-06 


8 


. 156e-06 


8 


.344e-06 


8 


.628e-06 


9 


,009e-06 


9 


,494e-06 


1 


.009e-05 


1 


.081e-05 


1. 


,168e-05 


1 


.272e-05 


1 


.395e-05 


1 


.543e-05 


1. 


,718e-05 


1. 


,927e-05 


2 


.179e-05 


2 


.304e-05 


2, 


,415e-05 


2 


.634e-05 


2 


.923e-05 


3 


. 125e-05 


3. 


, 191e-05 


3. 


,461e-05 


3 


.847e-05 


4 


.358e-05 


4, 


,792e-05 


5 


.363e-05 


5 


,948e-05 


6 


.683e-05 


7, 


,584e-05 


8, 


,670e-05 


9 


.715e-05 


1 


.116e-04 


1. 


.293e-04 


1 


.473e-04 


1 


.712e-04 


2 


.008e-04 


2, 


,325e-04 


2 


,733e-04 


3 


.812e-04 


6 


,464e-04 


1 


,117e-03 


1 


.867e-03 


2 


.902e-03 


4 


.051e-03 


5 


,188e-03 


6. 


,500e-03 


8 


.343e-03 


1 


.099e-02 


1, 


.453e-02 


1 


.912e-02 


2 


.521e-02 


3 


.250e-02 


3. 


.976e-02 


4 


.676e-02 


5 


.497e-02 






31 70 1 61 


1 1 


32 71 7.416 8.289 4.453 


ga70 +p -g -n 


-a 




0.21615 




0.23881 




0.26240 




0.28695 




0.31249 




0.33909 




0.36676 




0.39557 




0.42555 




0.45675 




0.48923 




0.52303 




0.55820 




0.59482 




0.63292 




0.67259 




0.71386 




0.75682 




0.80154 




0.84808 




0.89651 




0.94692 




0.99939 




1.05400 




1.11083 




1.16998 




1.23155 




1.29562 




1.36231 




1.43172 




1.50396 




1.57915 




1.65740 




1.73884 




1.82361 




1.91183 




2.00365 




2.09922 




2.19868 




2.30221 
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2.40995 




2.52208 




2.88669 




3.29775 




3.76119 




4.28367 




4.87273 




5.53684 




6.28557 




7.12969 




8.08137 




9.15430 


10.36395 


11.72771 


13.26524 


14.99867 


16.95297 


19.15627 


21.64030 


24.44082 


25.45150 














a 

y 


nrii„ AO 

. ob4e-zo 


H 
1 


(\7rt„ AH 

. youe-zl 


a 
2. 


AA7~ OA 

. yz ( e-zu 


Q 
O 


^*17« HA 

. 4zoe-iy 


Q 
O 


OA7„ H O 

. zUr e-lo 


A 
Z 


ylQr„ H 7 

. 4obe-l ( 


H 
1 


CAArt H C 

. byye-lb 


A 

y 


PtA Art H c 

. U4ye-lb 


A 

4 


. bzbe- lb 


A 

Z 


. Uz ( e- 14 


o 
o 


AO Qrt A 

. zooe- 14 


Q 
O 


AC/1 « HQ 

. Ub4e-lo 


H 

1 


AC A n HA 

. Uo4e-lz 


3 


. 380e-12 


1 


. 017e-ll 


2 


. 889e-ll 


7 
I 


. rooe-11 


A 
Z 


AAArt 1 A 

. UUze- 1U 


A 

4 


OOr rt ha 

. yzbe- lu 


■i 
1 


AAArt AO 

. uyue-uy 


A 

Z 


QCQrt AO 


5 


A C C rt A A 

. 0bbe-0y 


1 


. 052e-08 


2 


H A O rt AO 

. lzoe-Oo 


4 


H OH « AO 

. iyie-Uo 


o 
o 


ACC~ AO 

. Ubbe-Uo 


1 


rH<„ A7 

. bl4e-U ( 


a 
z 


A Q7n A7 

. 4o fe-vf 


A 

4 


H C H ~ AT 

. lble-U ( 


7 
I 


1 r7„ A7 

. lboe-U/ 


H 
1 


H AC rt AC 

. iybe-Ub 


H 
1 


AOArt AC 

. yoye-Ub 


Q 
O 


H QCrt AC 

. lobe-Ub 


A 

4 


QAQrt AC 

. oyoe-Ub 


7 


CAArt AC 

. bUUe-Ub 


H 

1 


H 7H « AC 

. 1 r le-Ub 


H 
1 


771 „ AC 

. ( ( le-Ub 


2 


. 577e-05 


3 


. 738e-05 


5 


. 347e-05 


7 


. 286e-05 


9 


. 941e-05 


2 


. 247e-04 


4 


A07n A /l 

. Oo f e-04 


6 


. 205e-04 


8 


. 156e-04 


9 


. 554e-04 


9 


A O O rt A A 

. yooe-04 


a 

y 


a^ 

. ol4e-U4 


7 
1 


Or H „ A^ 

. oble-U4 


c 
b 


Q H A~ A^ 

. olze-U4 


5 


QC *1 « r\A 

. ob4e-U4 


A 

4 


AC Q rt A/l 

. zboe-U4 


2 


f\7jl„ A A 

. y { 4e-04 


1 


OOfl„ A A 

. oo»e-04 


9 


. 549e-05 


/I 

4 


A ACrt AC 

. 4ybe-Uo 


■i 

1 


7/1 C rt AC 

. r 4be-Ub 


c 



7f\/? rt AC 

. f ybe-Ub 


■i 

l 


Q07„ AC 

. oo f e-Ub 


-7 
I 


A H Art A7 

. y iye-u ( 














6 


777„ fin 


1 


/flOn OA 

. 4yoe-z0 


2 


.418e-19 


3 


. 001e-18 


2 


. 981e-17 


2 


. 447e-16 


1 


. 707e-15 


1 


A A A rt H A 

. Ozye-14 


5 


A cn« H ^ 
.4bye-14 


a 
Z 


. by ( e-lo 


H 
1 


H H C~ H A 

. llbe-lz 


A 

4 


QO£„ ha 

. oobe-lz 


H 
1 


CAArt H H 

. byue-11 


5 


. 359e-ll 


1 


. 690e-10 


5 


. 018e-10 


1 


.409e-09 


3 


7C K _ A A 

. /ble-uy 


9 


.575e-09 


2 


.341e-08 


5 


.491e-08 


1 


AOArt A7 

. 2o»e-0 { 


2 


C AO rt A7 

. byoe-0 { 


5 


C O C rt A7 

. bobe-0 1 


1 


. 161e-06 


2 


7ftn„ AC 

. ouze-Ob 


4 


.441e-06 


8 


.373e-06 


1 


.537e-05 


2 


. 752e-05 


4 


.817e-05 


8 


.244e-05 


1 


.382e-04 


2 


071 „ A^ 

. z f le-U4 


3 


.656e-04 


5 


.771e-04 


8 


.935e-04 


1 


. 358e-03 


2 


.025e-03 


2 


.964e-03 


4 


.260e-03 


6 


. UUbe-Uo 


1 


.503e-02 


3 


. 191e-02 


5 


.837e-02 


9 


. 500e-02 


1 


.421e-01 


1 


.973e-01 


2 


.569e-01 


3 


. 147e-01 


3 


.793e-01 


4 


.956e-01 


6 


. 171e-01 


6 


. 951e-01 


7 


.324e-01 


7 


.529e-01 


6 


.897e-01 


5 


^„ AH 

. zl4e-Ul 


3 


.469e-01 


1 


.634e-01 


1 


.151e-01 














2 


.036e-27 


4 


. ( uye-zb 


8 


.070e-25 


1 


.073e-23 


1 


. 150e-22 


1 


. 025e-21 


7 


.597e-21 


4 


.990e-20 


2 


.911e-19 


1 


. 528e-18 


7 


.305e-18 


3 


.215e-17 


1 


.314e-16 


5 


. 026e-16 


1 


.812e-15 


6 


. 195e-15 


2 


.017e-14 


6 


.290e-14 


1 


.885e-13 


5 


.038e-13 


1 


.330e-12 


3 


Jftfl- HA 

. 4yye-iz 


9 


.008e-12 


2 


.266e-ll 


5 


.576e-ll 


1 


.344e-10 


3 


. 180e-10 


6 


.749e-10 


1 


.444e-09 


3 


.170e-09 


6 


.731e-09 


1 


.434e-08 


2 


.971e-08 


5 


.848e-08 


1 


.169e-07 


2 


.321e-07 


4 


.542e-07 


8 


.506e-07 


1 


.594e-06 


2 


.944e-06 


5 


.170e-06 


9 


.104e-06 


4 


.393e-05 


1 


.681e-04 


5 


.223e-04 


1 


.348e-03 


2 


.921e-03 


5 


.263e-03 


8 


.014e-03 


1 


.095e-02 


1 


.486e-02 


2 


.242e-02 


3 


.248e-02 


4 


.228e-02 


5 


. 106e-02 


6 


.222e-02 


1 


.378e-01 


2 


.611e-01 


2 


.296e-01 


1 


.002e-01 


6 


.595e-02 














31 70 2 65 





33 74 7.975 6.852 4.379 


ga7C 


) +a -g -n 


-P 




0.64179 




0.64903 




0.65743 




0.66717 




0.67845 




0.69153 




0.70668 




0.72425 




0.74461 




0.76821 




0.79557 




0.82727 




0.86402 




0.90662 




0.95598 




1.01320 




1.07952 




1.15639 




1 . 24548 




1.34875 




1 . 46844 




1.60716 




1.76796 




1.95432 




2.17033 




2.42069 




2.71087 




3.48925 




3.55116 




3.59539 




3.61420 




3.63436 




3.65595 




3.67908 




3.70385 




3.73038 




3.75881 




3.78925 




3.82186 




3.85679 




3.89421 




3.93429 




3.97722 




4.02320 




4.07246 




4.12522 




4.18174 




4.24227 




4.45097 




4.70747 




5.02270 




5.41011 




5.88625 




6.47142 




7.19060 




8 . 07447 




9.16075 


10.49579 


12.13655 


14.15305 


16.63133 


19.67714 


23.42044 


28.02096 


29.77768 

































.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 





.000e+00 


1 


.084e-35 


2 


.645e-34 


7 


.954e-33 


2 


.899e-31 


1 


.255e-29 


6 


.292e-28 


3 


.551e-26 


2 


.184e-24 


1 


.417e-22 


9 


.370e-21 


6 


.095e-19 


3 


.771e-17 


2 


. 154e-15 
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2 


.935e-03 


3. 


.517e-03 


4 


.141e-03 


4 


.805e-03 


5 


.486e-03 


6 


.157e-03 


6 


.758e-03 


7 


,206e-03 


7 


.445e-03 


7. 


,363e-03 


6 


.962e-03 


6 


.532e-03 


6 


.510e-03 


6 


.495e-03 


6 


.455e-03 


6 


.395e-03 


6 


.324e-03 


5, 


,977e-03 


5 


.892e-03 


5 


.776e-03 


5 


.632e-03 


5 


.463e-03 


4 


.647e-03 


3 


.758e-03 


2 


.890e-03 


2 


,060e-03 


1 


,224e-03 


5 


.621e-04 


1 


.944e-04 


2 


.597e-05 


9 


.259e-07 


2 


.936e-08 






7, 


,400e-43 


4 


.444e-42 


2 


.709e-41 


1 


.675e-40 


1 


.048e-39 


6 


.640e-39 


4 


.250e-38 


2 


.747e-37 


1, 


.791e-36 


1 


.178e-35 


7 


,802e-35 


5 


.204e-34 


3 


.494e-33 


2 


,359e-32 


1 


.599e-31 


1 


.091e-30 


7 


,480e-30 


5 


.148e-29 


3 


.557e-28 


2 


.465e-27 


1 


.713e-26 


1 


. 193e-25 


8 


.322e-25 


5 


.810e-24 


4 


,057e-23 


2 


.830e-22 


1 


.970e-21 


1 


.367e-20 


9 


.441e-20 


6 


.471e-19 


4 


.383e-18 


2 


.924e-17 


1 


,902e-16 


1 


.191e-15 


7 


.093e-15 


3 


.991e-14 


2 


.136e-13 


1 


.099e-12 


5 


.458e-12 


2 


.598e-ll 


1 


,179e-10 


5 


.101e-10 


2 


.llle-09 


8 


.380e-09 


3 


.189e-08 


1 


.159e-07 


4 


.025e-07 


1 


.332e-06 



4.199e-06 1.262e-05 3.620e-05 9.919e-05 2.593e-04 6.429e-04 1.497e-03 3.253e-03 

6.483e-03 1.178e-02 1.883e-02 1.952e-02 2.002e-02 2.061e-02 2.123e-02 2.195e-02 

2.181e-02 2.272e-02 2.368e-02 2.473e-02 2.589e-02 2.914e-02 3.388e-02 4.108e-02 

5.266e-02 7.042e-02 9.488e-02 1.221e-01 2.332e-01 1.433e-01 9.894e-03 



32 


70 2 75 








34 


74 12. 


,068 8.! 


545 


4.077 




ge70 


+a 


-g -n 


-P 




0. 


,65552 


0. 


.66404 


0. 


67339 


0. 


68362 


0. 


,69484 


0, 


.70713 


0. 


,72059 


0. 


,73534 


0. 


,75150 


0. 


,76921 


0. 


78862 


0. 


80988 


0. 


,83317 


0. 


.85870 


0. 


,88666 


0, 


,91731 





,95088 


0, 


,98767 


1. 


.02797 


1. 


07213 


1, 


,12052 


1, 


,17353 


1, 


,23162 


1, 


.29527 


1. 


,36500 


1. 


,44141 


1. 


.52513 


1. 


61686 


1, 


,71736 


1, 


.82748 


1, 


,94814 


2 


,08034 


2, 


,22519 


2, 


,38389 


2. 


.55779 


2. 


74831 


2 


,95707 


3, 


,18581 


3. 


,43642 


3. 


.71102 


4 


,01188 


4, 


,34154 


4. 


70273 


4. 


76759 


4. 


,89054 


5, 


,12364 


5. 


,56552 


6 


,40321 


7, 


,80068 


7, 


,91185 


7. 


99125 


8. 


01439 


8. 


,03991 


8, 


,06805 


8, 


,09910 


8. 


, 13334 


8. 


,17111 


8, 


,21276 


8. 


25870 


8. 


30937 


8. 


,36526 


8, 


,42690 


8, 


, 49488 


8. 


,74379 


9. 


.07774 


9 


,52582 


10. 


.12700 


10. 


93362 


12. 


,01588 


13. 


,46795 


15. 


,41621 


18. 


.03023 


21. 


,53748 


26. 


,24321 


30, 


.24312 


























,000e+00 


0, 


,000e+00 





,000e+00 


0, 


,000e+00 





,000e+00 


0, 


,000e+00 





,000e+00 





,000e+00 





,000e+00 





,000e+00 





,000e+00 


0, 


,000e+00 


0, 


,000e+00 


0, 


,000e+00 


0. 


,000e+00 





,000e+00 


0, 


,000e+00 


8 


,548e-35 


9 


,326e-34 


1, 


,091e-32 


1, 


,361e-31 


1, 


,798e-30 


2. 


,496e-29 


3. 


,614e-28 


5, 


,414e-27 


8, 


,311e-26 


1 


,299e-24 


2. 


,048e-23 


3. 


,227e-22 


5. 


,039e-21 


7. 


,736e-20 


1, 


,157e-18 


1, 


,676e-17 


2 


,332e-16 


3, 


,097e-15 


3. 


,900e-14 


4 


,624e-13 


5. 


, 144e-12 


5. 


,338e-ll 


5, 


, 139e-10 


4 


,578e-09 


3. 


,754e-08 


2 


,819e-07 


3. 


,937e-07 


7, 


,262e-07 


2. 


,155e-06 


1 


,336e-05 


1 


,943e-04 


2. 


062e-03 


1, 


,878e-03 


2, 


,004e-03 


1, 


,920e-03 


1. 


,776e-03 


1, 


,652e-03 


1, 


,539e-03 


1. 


,451e-03 


1, 


,326e-03 


1 


,223e-03 


1 


,150e-03 


1, 


,073e-03 


1, 


,024e-03 


9. 


,863e-04 


9. 


,686e-04 


9. 


, 189e-04 


9, 


,455e-04 


1 


,122e-03 


1. 


,364e-03 


1, 


,488e-03 


1 


,296e-03 


8 


,147e-04 


3. 


,616e-04 


1, 


,082e-04 


1, 


,096e-05 


2 


,904e-07 


1 


, 185e-08 
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Table II: Sample of Rate Tables 



z 

Gl 



A p b c 
G2 



x e f h 
.G24 



HI 



H2 



. .H24 



( Rl 
( Ul 



R2 
U2 



. .R24 ) 
. .U24 ) 



31 


70 1 


1 


ga70 


+n -g - 


-P " 


-a 
















4. 


64e+07 


4 


,54e+07 


4. 


,50e+07 


4. 


,44e+07 


4. 


,41e+07 


4. 


,39e+07 


4, 


,39e+07 


4. 


4. 


40e+07 


4, 


,42e+07 


4, 


,43e+07 


4. 


,52e+07 


4 


,56e+07 


4, 


,54e+07 


4, 


,48e+07 


4. 


4. 


29e+07 


4. 


,18e+07 


4 


.06e+07 


3 


.82e+07 


3. 


,60e+07 


3. 


.40e+07 


3. 


,21e+07 


3. 


4, 


64e+07 


4 


,54e+07 


4. 


.50e+07 


4. 


.44e+07 


4. 


,41e+07 


4 


.39e+07 


4. 


.39e+07 


4. 


A 


. 'iue i v ( 


A 
L ± . 


,41e+07 


4. 




A 




A 


. zyeTU f 


Q 

o . 


, yie+u ( 


O 
O . 


A Q +fl7 


z . 


1. 


49e+07 


2, 


,10e+07 


1. 


,77e+07 


l. 


,25e+07 


8 


,79e+06 


6. 


, 12e+06 


4. 


,22e+06 


2. 


8. 


53e+04 


7, 


,95e+04 


7 


,69e+04 


7 


,50e+04 


7, 


,55e+04 


7, 


,77e+04 


8 


, 12e+04 


8. 


Q 

y . 




y 


,88e+04 


1. 




-1 

1 , 




o 

z . 




Q 

o . 


. ozc i UO 


A 

^± - 




C 

O . 


6. 


94e+05 


8 


,34e+05 


9 


,80e+05 


1, 


,29e+06 


l 


,60e+06 


1 


,92e+06 


2 


,24e+06 


2. 


8. 


53e+04 


7, 


,95e+04 


7. 


,69e+04 


7. 


,50e+04 


7 


,55e+04 


7. 


,77e+04 


8 


, 12e+04 


8. 


Q 

y . 




Q 

y . 


,93e+04 


1, 


AO „ i A C 

, uoe+uo 


■i 

1 , 






77 j.nc 

, ( ( e+uo 


A 

ft . 




C 

O , 




7 
( . 


8. 


60e+05 


i. 


,02e+06 


1. 


. 18e+06 


1. 


,54e+06 


2 


,01e+06 


2 


.69e+06 


3. 


.71e+06 


5. 


1. 


57e+03 


i. 


, 59e+03 


1, 


.63e+03 


1, 


.73e+03 


1. 


.83e+03 


1. 


.95e+03 


2. 


.10e+03 


2. 


2. 


45e+03 


2, 


,66e+03 


2 


,90e+03 


4. 


,45e+03 


6 


,66e+03 


9. 


,75e+03 


1. 


,40e+04 


2. 


2. 


81e+04 


3. 


,89e+04 


5 


,32e+04 


9. 


,40e+04 


1 


,55e+05 


2 


,38e+05 


3. 


,45e+05 


4. 


1. 


57e+03 


1. 


, 59e+03 


1 


,63e+03 


1. 


,73e+03 


1 


,83e+03 


1 


,95e+03 


2 


, 10e+03 


2. 


2. 


46e+03 


2. 


,70e+03 


2 


,97e+03 


5 


.34e+03 


1. 


.07e+04 


2. 


. 14e+04 


4 


,06e+04 


7. 


1. 


24e+05 


2. 


,00e+05 


3. 


, lle+05 


6, 


,78e+05 


1 


,33e+06 


2 


,39e+06 


4 


,01e+06 


6. 


31 


70 1 1 


1 


ga70 


+p -g - 


-n - 


-a 
















4. 


69e-23 


2. 


.93e-18 


2 


,77e-15 


1. 


,43e-ll 


3 


,07e-09 


1. 


,36e-07 


2, 


,38e-06 


2. 


1, 


,50e-04 


7, 


,17e-04 


2 


,74e-03 


2 


,93e-01 


5 


,21e+00 


3. 


,81e+01 


1 


,65e+02 


5. 


1. 


25e+03 


2. 


, 58e+03 


4 


.72e+03 


1. 


,21e+04 


2. 


.45e+04 


4, 


.22e+04 


6. 


.50e+04 


9. 


4. 


,69e-23 


2. 


,93e-18 


2. 


.77e-15 


1. 


.43e-ll 


3. 


.07e-09 


1. 


.36e-07 


2 


,38e-06 


2. 


1. 


50e-04 


7, 


. 17e-04 


2 


,74e-03 


2 


,94e-01 


5 


,30e+00 


3. 


,85e+01 


1 


,60e+02 


4. 


1. 


04e+03 


1. 


,97e+03 


3. 


,27e+03 


6. 


,85e+03 


1 


,10e+04 


1. 


,48e+04 


1 


,73e+04 


1. 


3. 


,94e-22 


2. 


,96e-17 


3. 


,27e-14 


2 


.lle-10 


5, 


,27e-08 


2 


,65e-06 


5 


,22e-05 


5. 


3. 


96e-03 


2. 


,06e-02 


8, 


,46e-02 


1, 


.18e+01 


2 


.48e+02 


2 


.02e+03 


9, 


.56e+03 


3. 


8. 


32e+04 


1, 


,83e+05 


3 


,56e+05 


1, 


,02e+06 


2. 


,28e+06 


4 


,32e+06 


7. 


,27e+06 


1. 


3. 


,94e-22 


2. 


,96e-17 


3. 


,27e-14 


2 


, lle-10 


5 


,27e-08 


2. 


,65e-06 


5, 


,22e-05 


5. 


3. 


,96e-03 


2, 


,06e-02 


8 


,46e-02 


1. 


,18e+01 


2 


,48e+02 


2. 


,02e+03 


9 


,55e+03 


3. 


8. 


30e+04 


1. 


,83e+05 


3. 


.53e+05 


1. 


.01e+06 


2 


.23e+06 


4 


. 18e+06 


6. 


.94e+06 


1. 



-05 



-04 



20 



1. 


,37e-27 


1, 


,28e-22 


1, 


,80e-19 


1, 


,87e-15 


7. 


,25e-13 


5. 


,36e-ll 


1, 


,51e-09 


2. 


,26e-08 


2. 


, 18e-07 


1 , 


,52e-06 


8 


, 23e-06 


3 


, 68e-03 


1 . 


,79e-01 


2 


, 72e+00 


2 


, 05e+01 


9 


, 86e+01 


3. 


, 47e+02 


9 


,74e+02 


2 


. 31e+03 


9. 


. lle+03 


2 , 


. 58e+04 


5 . 


. 88e+04 


1 . 


, 15e+05 


2 


. 01e+05 


1 , 


, 37e-27 


1 , 


,28e-22 


1. 


,80e-19 


1 , 


,87e-15 


7 


,25e-13 


5 , 


,36e-ll 


1 , 


,51e-09 


2 . 


, 27e-08 


2, 


, 19e-07 


1 , 


,53e-06 


8 


, 36e-06 


4. 


, lle-03 


2 


, 34e-01 


4. 


, 13e+00 


3 


,51e+01 


1 , 


, 83e+02 


6. 


, 77e+02 


1 . 


,97e+03 


4. 


, 80e+03 


1 , 


, 98e+04 


5 


, 89e+04 


1 


,43e+05 


3. 


, 09e+05 


6. 


,21e+05 


31 


70 2 





ga70 


+a -g - 


-n - 


"P 


















6. 


,12e-71 


1. 


,05e-55 


1 


,25e-47 


4 


,71e-38 


4 


,65e-32 


8 


,29e-28 


1. 


,45e-24 


5. 


,67e-22 


7, 


, 30e-20 


3. 


,96e-18 


1. 


. 15e-16 


1 . 


.42e-ll 


9 


. 20e-09 


5 , 


.47e-07 


1 , 


. 14e-05 


1 , 


.44e-04 


1 , 


, 26e-03 


7, 


,92e-03 


3. 


, 79e-02 


4. 


,57e-01 


2 


, 98e+00 


1 , 


, 28e+01 


4, 


, lle+01 


1 , 


, 06e+02 


6. 


,12e-71 


1, 


,05e-55 


1, 


,25e-47 


4. 


,71e-38 


4 


,65e-32 


8 


,29e-28 


1. 


,45e-24 


5. 


,67e-22 


7, 


, 30e-20 


3, 


,95e-18 


1. 


, 15e-16 


1 


,37e-ll 


8, 


, 03e-09 


4 


, 24e-07 


8 


, 58e-06 


1 


, 10e-04 


9. 


. 49e-04 


5. 


,68e-03 


2 


.51e-02 


2 , 


.49e-01 


1 , 


, 31e+00 


4 


.43e+00 


1 . 


. 10e+01 


2 


. 18e+01 


31 


71 


1 


ga71 


+n -g - 


-p - 


-a 


















1. 


,62e+07 


1. 


,52e+07 


1. 


,46e+07 


1. 


,38e+07 


1 


,34e+07 


1. 


,30e+07 


1. 


,28e+07 


1. 


,26e+07 


1 , 


, 25e+07 


1 , 


,24e+07 


1. 


,23e+07 


1 . 


, 21e+07 


1 


, 18e+07 


1 . 


, 16e+07 


1 


, 13e+07 


1 , 


, 10e+07 


1 . 


, 07e+07 


1 , 


,05e+07 


1. 


, 02e+07 


9. 


, 81e+06 


9 


,44e+06 


9. 


, 12e+06 


8, 


, 83e+06 


8, 


, 56e+06 


1. 


,62e+07 


1. 


,52e+07 


1 


,46e+07 


1 


,38e+07 


1 


,34e+07 


1 


,30e+07 


1 


,28e+07 


1. 


,26e+07 


1. 


,25e+07 


1, 


,24e+07 


1, 


.23e+07 


1, 


.16e+07 


1. 


.09e+07 


1, 


.01e+07 


9 


.39e+06 


8 


.76e+06 


8, 


.17e+06 


7, 


, 58e+06 


6 


,96e+06 


5. 


,62e+06 


4 


,23e+06 


2 


,99e+06 


2. 


,02e+06 


1. 


,33e+06 


2. 


. 23e-19 


3, 


,42e-19 


6. 


,55e-19 


5 


,95e-18 


1 


, 13e-16 


2 


,20e-15 


3. 


,69e-14 


4. 


,87e-13 


4. 


.98e-12 


4. 


.01e-ll 


2 


,62e-10 


3 


, 35e-07 


3 


, 87e-05 


1 , 


, 16e-03 


1 . 


,53e-02 


1 , 


, 17e-01 


6. 


,14e-01 


2. 


,44e+00 


7. 


,87e+00 


5. 


.22e+01 


2. 


.29e+02 


7, 


.62e+02 


2, 


.lle+03 


5, 


.13e+03 


2, 


. 23e-19 


3, 


,42e-19 


6. 


,55e-19 


6. 


, 14e-18 


1 


,52e-16 


4. 


,34e-15 


9, 


,83e-14 


1 , 


,64e-12 


2. 


,04e-ll 


1 , 


,95e-10 


1. 


, 50e-09 


3 


, 65e-06 


7 


, 14e-04 


3 


,51e-02 


7, 


,35e-01 


8 


, 58e+00 


6, 


,53e+01 


3. 


,57e+02 


1, 


,50e+03 


1 


,44e+04 


7 


.55e+04 


2, 


,56e+05 


6. 


,32e+05 


1. 


,23e+06 


32 


55 1 


1 


ge55 


+n -g - 


-p - 


-a 


















6 


.78e+03 


7. 


,05e+03 


7. 


,20e+03 


7 


,39e+03 


7 


,54e+03 


7, 


,68e+03 


7, 


,83e+03 


7, 


,98e+03 


8, 


, 13e+03 


8 


,28e+03 


8 


,44e+03 


9. 


, 24e+03 


1 


. 00e+04 


1 . 


, 08e+04 


1 , 


, 16e+04 


1 . 


, 23e+04 


1 . 


, 30e+04 


1 . 


,36e+04 


1 


,42e+04 


1 


, 54e+04 


1 


, 66e+04 


1 , 


, 77e+04 


1 , 


, 88e+04 


1 , 


, 99e+04 


7, 


,31e+03 


7, 


,87e+03 


8. 


,28e+03 


8. 


,85e+03 


9 


,23e+03 


9 


,48e+03 


9 


,65e+03 


9 


,78e+03 


9, 


. 89e+03 


9. 


,98e+03 


1 


, 01e+04 


1 , 


, 05e+04 


1 


, 10e+04 


1 . 


, 15e+04 


1 , 


, 20e+04 


1 , 


, 25e+04 


1 , 


, 30e+04 


1 . 


,35e+04 


1, 


,40e+04 


1 


, 52e+04 


1 


, 66e+04 


1 


, 80e+04 


1 , 


, 93e+04 


2 . 


, 04e+04 


6. 


,17e+08 


6. 


,41e+08 


6. 


.54e+08 


6 


.71e+08 


6. 


.83e+08 


6. 


.96e+08 


7, 


.08e+08 


7, 


,20e+08 


7 


,33e+08 


7, 


,45e+08 


7. 


,58e+08 


8. 


,22e+08 


8 


,84e+08 


9, 


,44e+08 


1 


,00e+09 


1. 


,05e+09 


1. 


,lle+09 


1. 


, 15e+09 


1, 


.20e+09 


1 


.29e+09 


1, 


,37e+09 


1. 


.44e+09 


1. 


,51e+09 


1. 


.58e+09 


6, 


,70e+08 


7. 


, 23e+08 


7 


,63e+08 


8. 


,20e+08 


8 


,58e+08 


8. 


,83e+08 


9 


,02e+08 


9 


, 15e+08 


9. 


, 26e+08 


9 


,35e+08 


9. 


,43e+08 


9. 


,80e+08 


1 


,02e+09 


1. 


,05e+09 


1, 


,09e+09 


1. 


,13e+09 


1. 


,17e+09 


1. 


,20e+09 


1. 


,24e+09 


1 


,30e+09 


1. 


,36e+09 


1. 


,42e+09 


1. 


,47e+09 


1. 


,51e+09 


3. 


,44e+05 


3. 


,58e+05 


3 


,66e+05 


3 


,76e+05 


3 


,85e+05 


3, 


,93e+05 


4 


,02e+05 


4 


, lle+05 


4, 


,20e+05 


4, 


,29e+05 


4. 


,39e+05 


4. 


,88e+05 


5 


,38e+05 


5 


,88e+05 


6. 


,37e+05 


6. 


,85e+05 


7, 


.32e+05 


7, 


,77e+05 


8 


,21e+05 


9. 


,08e+05 


9 


,96e+05 


1 


,09e+06 


1. 


,18e+06 


1. 


,28e+06 



3, 


, 70e+05 


3. 


99e+05 


4. 


, 20e+05 


4. 


,51e+05 


4. 


, 71e+05 


4, 


, 85e+05 


4. 


, 96e+05 


5 . 


, 05e+05 


5 


, 12e+05 


5. 


. 19e+05 


5 


,26e+05 


5. 


,63e+05 


6 


,03e+05 


6. 


,46e+05 


6. 


,90e+05 


7 


,35e+05 


32 


70 


1 


ge70 


+n -g - 


-p - 


-a 


















1. 


,66e+07 


1. 


61e+07 


1, 


,58e+07 


1. 


,57e+07 


1 


,56e+07 


1. 


,57e+07 


1, 


,58e+07 


1 


,60e+07 


1 , 


, 62e+07 


1 . 


64e+07 


1. 


. 66e+07 


1 . 


. 80e+07 


1 . 


. 94e+07 


2 


. 08e+07 


2 


. 20e+07 


2 


. 30e+07 


2 


, 39e+07 


2, 


46e+07 


2 


, 52e+07 


2 


, 62e+07 


2 


, 69e+07 


2 


, 75e+07 


2 


, 78e+07 


2 


, 81e+07 


1 , 


, 66e+07 


1 , 


61e+07 


1 


, 58e+07 


1 , 


, 57e+07 


1 


, 56e+07 


1 , 


, 57e+07 


1 


, 58e+07 


1 , 


, 60e+07 


1 . 


.62e+07 


1 . 


64e+07 


1. 


,66e+07 


1 . 


,80e+07 


1 


,96e+07 


2 , 


, 13e+07 


2 , 


,29e+07 


2 


,42e+07 


1, 


. 53e+07 


2, 


59e+07 


2. 


, 59e+07 


2 . 


,40e+07 


2 


, 01e+07 


1 . 


, 52e+07 


1 , 


, 06e+07 


6. 


, 90e+06 


1. 


,24e-01 


1. 


32e-01 


1. 


,41e-01 


1. 


.67e-01 


2 


.01e-01 


2, 


,49e-01 


3. 


, 16e-01 


4 


. lle-01 


5. 


, 51e-01 


7. 


54e-01 


1. 


, 05e+00 


5 . 


, 77e+00 


2 


, 88e+01 


1 


, 24e+02 


4 


, 55e+02 


1 


,41e+03 


3, 


, 73e+03 


8. 


65e+03 


1. 


, 79e+04 


5 . 


, 93e+04 


1 


, 50e+05 


3. 


, 17e+05 


5 , 


, 82e+05 


9, 


, 64e+05 


1, 


,24e-01 


1. 


,32e-01 


1, 


,41e-01 


1. 


,67e-01 


2 


.01e-01 


2 


,49e-01 


3. 


,16e-01 


4, 


,12e-01 


5, 


, 52e-01 


7. 


63e-01 


1. 


. 09e+00 


9. 


. 52e+00 


9 


. 50e+01 


7. 


. 32e+02 


4 


. 23e+03 


1 . 


, 88e+04 


6. 


, 72e+04 


1 , 


98e+05 


4 


,97e+05 


2 


, 14e+06 


6. 


, 22e+06 


1 


,38e+07 


2 


,52e+07 


4 


,01e+07 


32 


70 1 


1 


ge70 


+p -g - 


-n - 


-a 


















7, 


,61e-23 


7. 


14e-18 


9. 


, 14e-15 


7. 


.lle-11 


2 


.01e-08 


1. 


,10e-06 


2, 


,32e-05 


2, 


,61e-04 


1 . 


, 90e-03 


9. 


,95e-03 


4, 


, 07e-02 


4, 


, 80e+00 


7 


, 80e+01 


5 


, 00e+02 


1 , 


, 92e+03 


5 , 


, 34e+03 


1 . 


, 20e+04 


2. 


33e+04 


4. 


, 04e+04 


9. 


, 64e+04 


1 


, 86e+05 


3. 


, lle+05 


4, 


, 70e+05 


6. 


, 59e+05 


7, 


,61e-23 


7. 


.14e-18 


9. 


. 14e-15 


7 


. lle-11 


2 , 


.01e-08 


1 , 


. 10e-06 


2 . 


,32e-05 


2 


.61e-04 


1 , 


, 90e-03 


9, 


95e-03 


4 


, 07e-02 


4 


, 80e+00 


7 


, 79e+01 


5 


, 01e+02 


1 


, 92e+03 


5 . 


, 35e+03 


1 , 


, 20e+04 


2. 


28e+04 


3. 


, 84e+04 


8. 


, 10e+04 


1 


, 25e+05 


1 


,51e+05 


1 , 


, 50e+05 


1 , 


, 29e+05 


3, 


,34e-42 


7. 


,00e-36 


1, 


,36e-31 


9. 


,30e-26 


8 


,93e-22 


8. 


,02e-19 


1, 


,56e-16 


1. 


,08e-14 


3. 


.60e-13 


7. 


02e-12 


9. 


. lle-11 


7. 


. 75e-07 


2 


. 23e-04 


1 . 


. 19e-02 


2 


.32e-01 


2 


. 37e+00 


1 . 


, 53e+01 


7. 


05e+01 


2 


, 53e+02 


1 . 


, 88e+03 


8 


,45e+03 


2 


, 72e+04 


6 


, 93e+04 


1 


,49e+05 


3, 


.34e-42 


7. 


00e-36 


1. 


,36e-31 


9 


,30e-26 


8 


,93e-22 


8 


,02e-19 


1. 


,56e-16 


1. 


,08e-14 


3, 


,62e-13 


7. 


.iie-12 


9. 


,39e-ll 


1, 


,02e-06 


4 


,28e-04 


3, 


,26e-02 


8. 


,75e-01 


1 


,17e+01 


9 


,34e+01 


5. 


lle+02 


2. 


,07e+03 


1, 


,77e+04 


8 


,19e+04 


2. 


,55e+05 


6. 


, lle+05 


1, 


,21e+06 


32 


70 2 





ge70 


+a -g - 


-n - 


-P 


















3. 


,70e-74 


1. 


33e-57 


5. 


,31e-49 


3 


,86e-39 


5, 


, 15e-33 


1, 


.13e-28 


2. 


.26e-25 


9 


.58e-23 


1, 


,38e-20 


9. 


lle-19 


3 


,31e-17 


9 


,48e-12 


2 


,29e-08 


5, 


.01e-06 


2 


,56e-04 


5, 


,03e-03 


5 


, 12e-02 


3. 


28e-01 


1. 


,50e+00 


1. 


,57e+01 


8 


,73e+01 


3. 


,23e+02 


9, 


,01e+02 


2 


,05e+03 


3, 


,70e-74 


1. 


,33e-57 


5. 


,31e-49 


3. 


,86e-39 


5 


, 15e-33 


1. 


,13e-28 


2. 


,26e-25 


9. 


,58e-23 


1. 


,38e-20 


9. 


lle-19 


3. 


.31e-17 


9, 


.48e-12 


2, 


.29e-08 


4, 


.98e-06 


2. 


.48e-04 


4 


.64e-03 


4 


,40e-02 


2. 


56e-01 


1. 


,04e+00 


7. 


,79e+00 


2 


,81e+01 


6. 


,19e+01 


9 


,75e+01 


1. 


,22e+02 



Table III: Sample of Nuclear Level Table 



Z A L T 

El pi Jl E2 p2 J2 . . . EL pL JL 



31 69 6 ga69 



0. 


,0000 -1.5 


0. 


,3187 


-0. 


,5 


0. 


,5742 


-2 


,5 


0, 


.8721 


-1, 


,5 


1, 


,0286 


-0. 


,5 


1 


,1070 -2.5 


































31 



70 5 ga70 
,0000 +1.0 


0, 


.5082 


+2. 


.0 


0, 


,6511 


+1, 


,0 


0, 


,6909 


-2. 


,0 


0, 


.8791 


-4 


.0 


31 

0. 


71 20 ga71 
,0000 -1.5 


0, 


,3900 


-0. 


,5 


0. 


,4873 


-2 


,5 


0, 


.5115 


-1. 


,5 


0. 


,9101 


-1, 


,5 


0. 


,9647 -2.5 


1, 


,1074 


-3. 


,5 


1, 


,1093 


-0. 


,5 


1, 


,3950 


-3. 


,5 


1, 


,4759 


-2. 


,5 


1. 


.4937 +4.5 


1, 


,4984 


+2. 


,5 


1. 


,6312 


-1. 


,5 


1, 


,7022 


+0. 


.5 


1. 


,7197 


-2 


.5 


1 


,7524 -1.5 


1, 


.9052 


-2. 


.5 


1. 


,9416 


-1. 


,5 


1, 


,9950 


-2 


,5 


2, 


.0646 


-0. 


.5 


32 



61 1 ge61 
,0000 -1.5 


































32 


64 11 ge64 





































,0000 +0.0 


0, 


.9020 


+2. 


,0 


1. 


,5780 


+2. 


,0 


2. 


.0530 


+4. 


,0 


2, 


.9690 


-3 


.0 


3. 


,4670 +6.0 


3. 


,7170 


-5. 


.0 


4 


,2440 


-7 


,0 


5, 


,1810 


+8. 


,0 


5. 


,3710 


-9. 


.0 


6 


,5630 -11.0 


































32 

0, 


70 20 ge70 
,0000 +0.0 


1, 


,0393 


+2 


.0 


1. 


,2154 


+0 


,0 


1, 


,7079 


+2 


.0 


2, 


,1535 


+4. 


.0 


2, 


,1574 +2.0 


2, 


,3069 


+0 


,0 


2. 


,4515 


+3, 


,0 


2. 


,5357 


+2 


.0 


2 


,5614 


-3. 


.0 


2 


,8067 +4.0 


2, 


,8878 


+0. 


,0 


2, 


,9452 


+2. 


,0 


3, 


,0468 


+3. 


.0 


3, 


,0589 


+4. 


.0 


3 


,1070 +0.0 


3, 


.1804 


+2. 


,0 


3. 


,1942 


+4. 


,0 


3, 


,2420 


+ 1, 


,0 


3. 


.2961 


+3. 


.0 


32 



71 20 ge71 
,0000 -0.5 


0, 


.1749 


-2, 


,5 


0. 


,1984 


+4. 


,5 


0, 


,4999 


-1 


,5 


0, 


.5251 


+2, 


,5 


0. 


,5898 +3.5 


0, 


,7082 


-1, 


.5 


0, 


,7473 


-2 


,5 


0, 


,8083 


-0 


.5 


0. 


,8313 


-1. 


,5 





,8869 -1.5 


1, 


,0266 


-2 


,5 


1, 


,0382 


+4. 


,5 


1, 


,0955 


-1, 


,5 


1, 


,0961 


+3. 


,5 


1 


,1394 +1.5 


1, 


,1710 


+2. 


,5 


1. 


,1724 


+6. 


,5 


1, 


,1923 


+5. 


,5 


1. 


,2051 


+2. 


.5 



23 



